Introduction
============

Glaucoma is a multifactorial disease associated with optic nerve damage, visual field defects, and often elevated intraocular pressure. Intraocular pressure remains the major risk factor for onset of glaucoma and its progression. Nevertheless, there are several aspects of intraocular pressure that have been researched to clarify its role in the pathology of glaucoma. Central cornea thickness, bioelasticity, and intraocular pulse amplitude are points of special interest.[@b1-opth-6-555] Dynamic contour tonometry is a device capable of measuring intraocular pressure with less central cornea influence and ocular pulse amplitude.[@b2-opth-6-555] The main purpose of this study is to determine if there can be any differences in dynamic contour tonometry and ocular pulse amplitude in asymmetric glaucoma patients with the same applanation intraocular pressure.

Materials and methods
=====================

This was a prospective, observational study of 30 glaucoma patients and 11 controls between June 2007 and February 2008. Inclusion criteria were: the same intraocular pressure on applanation tonometry in both eyes; a difference of ≥6 dB in mean deviation of visual field; a difference ≥0.2 in cup-to-disc ratio; and a dynamic contour tonometry measurement quality score reading of 1 or 2 in glaucoma patients. Dynamic contour tonometry intraocular pressure, ocular pulse amplitude, corneal thickness, applanation tonometry, and fundus examination was undertaken in both groups. Most of the glaucoma patients were on prostaglandin analog treatment. Statistical analyses were performed using the Kolmogorov-Smirnov and Shapiro-Wilk tests and Pearson's linear correlation. Results with *P* \< 0.05 were accepted as being statistically significant. The study was conducted in accordance with the clinical research regulations prevailing in Brazil (resolution 196/96) and with the ethical standards stated in the 1964 Declaration of Helsinki regarding ethical principles for medical research involving human subjects.

Results
=======

The mean age of participants in this study was 61.23 years. Twenty-four female and 17 male patients were enrolled. Twenty-three patients were Hispanic and 18 were Black.

In the controls, mean applanation intraocular pressure was 14.28 mmHg for the right eye and 14.10 mmHg for the left eye (*P* \> 0.05). Corneal thickness was 519.10 μm for the right eye and 511.07 μm for the left eye (*P* \> 0.05). Mean dynamic contour tonometry intraocular pressure was 17.28 mmHg for the right eye and 17.25 mmHg for the left eye (*P* \> 0.05). Mean ocular pulse amplitude was 2.80 mmHg for the right eye and 2.92 mmHg for the left eye (*P* \> 0.05, [Table 1](#t1-opth-6-555){ref-type="table"}).

In glaucoma patients, mean applanation intraocular pressure was 15.70 mmHg for the worst eye and 14.93 mmHg for the best eye (*P* = 0.078, [Table 2](#t2-opth-6-555){ref-type="table"}, [Figure 1](#f1-opth-6-555){ref-type="fig"}). Mean dynamic contour tonometry intraocular pressure was 20.63 mmHg for the worst eye and 18.19 mmHg for the best eye. This difference was statistically significant (*P* \< 0.05, [Table 3](#t3-opth-6-555){ref-type="table"}, [Figure 2](#f2-opth-6-555){ref-type="fig"}). Mean ocular pulse amplitude was 2.76 mmHg for the worst eye and 2.68 mmHg for the best eye (*P* = 0.501, [Table 4](#t4-opth-6-555){ref-type="table"}, [Figure 3](#f3-opth-6-555){ref-type="fig"}). Corneal thickness was 516.60 μm for the worst eye and 507.07 μm for the best eye (*P* \> 0.05, [Table 5](#t5-opth-6-555){ref-type="table"}, [Figure 4](#f4-opth-6-555){ref-type="fig"}).

Discussion
==========

Some studies report that thinner corneas are more likely to be associated with glaucoma probably because of underestimation of intraocular pressure measurement by applanation tonometry. The Ocular Hypertension Treatment Study showed that decreased corneal thickness is associated with a higher risk of development of glaucoma in patients with ocular hypertension.[@b3-opth-6-555] Studies regarding elasticity and other properties of the cornea are still unclear. The pulsatility of intraocular pressure and its correlation with glaucoma also remains unclear. Some authors have reported different results for ocular pulse amplitude measurement.

Weizer et al showed that increased ocular pulse amplitude seems to correlate with less severe glaucoma and with increased central corneal thickness.[@b4-opth-6-555] Punjabi et al published a study comparing intraocular pressure and ocular pulse amplitude in different types of glaucoma using dynamic contour tonometry and concluded that ocular pulse amplitude was higher in patients with ocular hypertension.[@b5-opth-6-555] Romppainen et al found that subjects with ocular hypertension showed significantly higher ocular pulse amplitude values (3.6 ± 1.3 mmHg) than healthy eyes (3.1 ± 1.4 mmHg) and eyes with low-tension glaucoma (2.9 ± 1.4 mmHg). After trabeculectomy, the values were significantly lower (2.4 ± 1.3 mmHg) than in healthy eyes.[@b6-opth-6-555] Stalmans et al studied the ocular pulse amplitude in normal tension and primary open-angle glaucoma and concluded that ocular pulse amplitude was reduced in patients with primary open-angle glaucoma and normal tension compared with healthy controls. Ocular pulse amplitude is influenced by intraocular pressure, but not by corneal thickness.[@b7-opth-6-555] Sullivan-Mee et al in a very similar study of patients with asymmetric glaucoma demonstrated that dynamic contour tonometry intraocular pressure was significantly higher in eyes with a higher AGIS score than in eyes with a lower AGIS score (16.3 versus 15.5 mmHg, *P* = 0.004), but applanation intraocular pressure was not significantly different in the same eyes (14.5 mmHg versus 14.4 mmHg, *P* = 0.56).

These findings suggest that dynamic contour tonometry intraocular pressure is more related to the extension of damage of glaucoma than is applanation intraocular pressure. The most likely explanation for these results is that applanation intraocular pressure systematically underestimates intraocular pressure compared with dynamic contour tonometry intraocular pressure.[@b8-opth-6-555]

In our study, ocular pulse amplitude was similar in both asymmetric eyes and in controls. However, dynamic contour tonometry intraocular pressure was significantly different between the worst and best eye in glaucoma patients. We found a 2.44 mmHg higher dynamic contour tonometry intraocular pressure in the worst eye than in the best eye, despite the same applanation intraocular pressure. However, no significant dynamic contour tonometry difference was observed in the controls.

Perhaps these results can be explained in light of the underestimation of applanation tonometry intraocular pressure compared with dynamic contour tonometry intraocular pressure. Further, some as yet unknown corneal factors could be responsible for this difference between worst and best eyes with glaucoma. This difference could represent a new risk factor for glaucoma prognosis, onset, or progression.

Conclusion
==========

No differences in ocular pulse amplitude were found between the groups or between the worst and the best eye. In spite of the lack of difference in ocular pulse amplitude, dynamic contour tonometry intraocular pressure was 2.44 mmHg higher in the worst eye than in the best eye in glaucoma patients, even with the same applanation intraocular pressure. Further studies are needed to confirm if this difference is related to glaucoma progression and/or a worse prognosis, and whether dynamic contour tonometry intraocular pressure should be considered as a new risk factor.
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![The mean applanation IOP was 15.70 mmHg for the worst eye and 14.93 mmHg for the best eye (*P* = 0.078).\
**Abbreviation:** IOP, intraocular pressure.](opth-6-555f1){#f1-opth-6-555}

![The mean DCT IOP was 20.63 mmHg for the worst eye and 18.19 mmHg for the best eye (*P* \< 0.05).\
**Abbreviations:** DCT, dynamic contour tonometry; IOP, intraocular pressure.](opth-6-555f2){#f2-opth-6-555}

![The mean OPA was 2.76 mmHg for the worst eye and 2.68 mmHg for the best eye (*P* = 0.501).\
**Abbreviation:** OPA, ocular pulse amplitude.](opth-6-555f3){#f3-opth-6-555}

![Corneal thickness was 516.60 μm for the worst eye and 507.07 μm for the best eye (*P* \< 0.05).\
**Abbreviation:** CCT, central corneal thickness.](opth-6-555f4){#f4-opth-6-555}

###### 

Ocular parameters in control subjects

                           n    Right    Left     Difference   *P*
  ------------------------ ---- -------- -------- ------------ --------
  Applanation IOP (mmHg)   11   14.28    14.10    0.18         \>0.05
  DCT IOP (mmHg)           11   17.28    17.25    0.03         \>0.05
  OPA (mmHg)               11   2.80     2.92     0.12         \>0.05
  CCT (μm)                 11   519.10   511.07   8.03         \>0.05

**Abbreviations:** CCT, central corneal thickness; DCT, dynamic contour tonometry; IOP, intraocular pressure; OPA, ocular pulse amplitude.

###### 

Applanation tonometry in glaucoma patients (mmHg)

  Applanation tonometry   n       Mean          Median    SD             Min/max     Kolmogorov--Smirnov   Shapiro--Wilk
  ----------------------- ------- ------------- --------- -------------- ----------- --------------------- ---------------
  Worst eye               30      15.70         15.00     3.57           10.0/25.0   0.112                 0.106
  Best eye                30      14.93         15.00     2.91           10.0/22.0   0.200                 0.250
  Worst, best             30      0.767         0.000     2.315          −3.0/10.0   0.000                 0.000
  **Par**                 **n**   **Pearson**   ***P***   **Wilcoxon**                                     
                                                                                                           
  Worst, best             30      0.764         0.000     0.078                                            

**Abbreviations:** Min, minimum; Max, maximum; SD, standard deviation.

###### 

Dynamic contour tonometry intraocular pressure (mmHg)

  DCT IOP       n       Mean          Median    SD             Min/max        Kolmogorov--Smirnov   Shapiro--Wilk
  ------------- ------- ------------- --------- -------------- -------------- --------------------- ---------------
  Worst eye     30      20.63         19.50     3.82           15.70/27.20    0.111                 0.012
  Best eye      30      18.19         17.90     3.09           13.60/24.90    0.200                 0.189
  Worst, best   30      2.44          1.85      2.47           −1.40/10.40    0.116                 0.010
  **Par**       **n**   **Pearson**   ***P***   **Wilcoxon**   ***t*-test**                         
                                                                                                    
  Worst, best   30      0.763         0.000     0.000          0.000                                

**Abbreviations:** Min, minimum; Max, maximum; SD, standard deviation; DCT, dynamic contour tonometry; IOP, intraocular pressure.

###### 

Ocular amplitude pulse (mmHg)

  Ocular amplitude pulse   n       Mean          Median    SD             Min/max        Kolmogorov--Smirnov   Shapiro--Wilk
  ------------------------ ------- ------------- --------- -------------- -------------- --------------------- ---------------
  Worst eye                30      2.76          2.65      1.03           1.00/4.50      0.200                 0.166
  Best eye                 30      2.68          2.55      1.08           1.10/5.00      0.200                 0.117
  Worst, best              30      0.087         0.150     0.697          −1.70/1.40     0.200                 0.211
  **Par**                  **n**   **Pearson**   ***P***   **Wilcoxon**   ***t*-test**                         
                                                                                                               
  Worst, best              30      0.785         0.000     0.276          0.501                                

**Abbreviations:** Min, minimum; Max, maximum; SD, standard deviation.

###### 

Central corneal thickness (μm)

  Central corneal thickness   n       Mean          Median    SD             Mín/max        Kolmogorov--Smirnov   Shapiro--Wilk
  --------------------------- ------- ------------- --------- -------------- -------------- --------------------- ---------------
  Worst eye                   30      516.60        524.50    37.33          405.0/567.0    0.200                 0.044
  Best eye                    30      507.07        515.50    65.07          230.0/579.0    0.006                 0.000
  Worst, best                 30      9.53          −0.50     55.98          −30.0/296.0    0.000                 0.000
  **Par**                     **n**   **Pearson**   ***P***   **Wilcoxon**   ***t*-test**                         
                                                                                                                  
  Worst, best                 30      0.514         0.004     0.953          0.359                                

**Abbreviations:** Min, minimum; Max, maximum; SD, standard deviation.
